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We investigate the mass spectra of {Qs}{Q < ~ ' s} molecular states in the framework of QCD sum 
rules. The interpolating currents representing the molecular states are proposed. Technically, con- 
tributions of the operators up to dimension six are included in operator product expansion (OPE). 
The masses for various molecular states with {Qs}{Q^ ^s} configurations are presented. 

PACS numbers: 11.55.Hx, 12.38.Lg, 12.39.Mk 



I. INTRODUCTION 



X 



The field of heavy hadron spectroscopy is experiencing a rapid advancement mainly propelled by the 
continuous observations of hadronic resonances, for example, A"(3872) [lL F(3930) Q, F(4260) Z(3930) 
' X(3940)_[l, Z+(4430) fl, £+(4050) 0, Z 2 +(4250) fl, Y(4140) 



8j etc. (for experimental reviews, 
e.g., see [9J, llQj), some of which are not easy to accommodate within the quark model picture and may 
not be conventional charmonium states. Masses for some of these hadrons are very close to the meson- 
meson thresholds, for which are interpreted as possible mesonic molecule candidates in [ll|, 0, [3, Q|- 
Furthermore, QCD itself does not exclude the existence of molecular states besides conventional mesons 
and baryons, so studies of molecular states may deepen one's understanding of the strong interaction. On 
all accounts, it is interesting to investigate mass spectra for the molecular states. However, it is far from 
clear how to generate hadron masses from first principles in QCD since it is highly noperturbative in the 
low energy region where futile to attempt perturbative calculations, and then one has to treat a genuinely 
strong field in nonperturbative methods. Under such a circumstance, one could resort to QCD sum rule 



15j | (for reviews see (la, [TjJ, LLa LL9| an d references therein) , which is a comprehensive and reliable way for 
evaluating the nonperturbative effects. The QCD sum rule approach devotes to bridge the gap between 
the perturbative and nonperturbative sectors by employing the language of dispersion relations. By far, 
there have been several papers testing some {Qs}{Q( 's} states from QCD sum rules, such as works on 
D*D* in (2o| and (2l| . as well as the one on (Qs)M(Qs)W molecular states Q. Presently, we would like 
, to obtain the spectra for {Qs\{Q^ ' s} molecular states via QCD sum rules. 

The paper is organized as follows. In Sec. [ill QCD sum rules for the molecular states are introduced, and 
both the phenomenological representation and QCD side are derived, followed by the numerical analysis 
to extract the hadronic masses and a brief summary in Sec. IIIII 



II. MOLECULAR STATE QCD SUM RULES 



The QCD sum rule attempts to link the hadron phenomenology with the interactions of quarks and 
gluons, which contains three main ingredients: an approximate description of the correlator in terms of 
intermediate states through the dispersion relation, a description of the same correlator in terms of QCD 
degrees of freedom via an OPE, and a procedure for matching these two descriptions and extracting the 
parameters that characterize the hadronic state of interest. 



A. interpolating currents 

Following the standard scheme [Io| . the Qs mesons with J p = - , 1~, + , and 1 + are named D s , D*, 
D* , and D s \ for charmed mesons, with B s , B*, B* , and B s \ for bottom mesons, respectively. In this 
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work, the corresponding configurations for these mesons are represented as (Qs), (Qs)* , (Qs)*,, and (Qs)i. 
In full theory, the interpolating currents for these mesons can be found in Refs. 23, 24 1. Consequently, 
the interpolating currents for the related molecular states are constructed in following forms, with 



for one type of hadrons, and 



3(Qs)(Q's) 

Hqs)*(q 

i(Qs)i(Q's)i 

J(Q§)(<5'8)3 



J (Qs)*(Q>s) 

■ f-t 

J (Qs)i(Q's) 

•Lt 

(Qs)i(Q's); 



{Sai75Qa)(Q'bh5Sb), 
{SalnQaKQ'b^Sb), 

(s a Qa)(Q'b s b), 

{s a i^ b Q a ){Q' b Sb), 

{SalnQa)(Q'bl' J 'l5Sb), 

{Sal' 1 Qa)(Q'b i l5Sb), 
{Sal^lbQajiQ'bilbSb), 
(Sa^QaW'bSb), 
{Sal^QaXQ'bSb), 



for another type, where Q and Q' denote heavy quarks (Q = Q 1 or Q =/= Q'), with a and 6 are color indices. 



B. the molecular state QCD sum rule 

For the former case, the starting point is the two-point correlator 

U(q 2 ) = i [ d?xe*-*(0\T\j(x)j+(p)]\0)- (1) 



The correlator can be phenomenologically expressed as a dispersion integral over a physical spectral func- 
tion 

/ 2^ A 2 „ 1 r , ImnP hen (s) 

n (<7 ) = ; r9 — r + - / ds r>~^ + subtractions, (2) 

Mfj-q 1 tt J So s-q 2 



where Mh denotes the mass of the hadronic resonance, and Xh gives the coupling of the current to the 
hadron (0\j\H) = Xh- In the OPE side, the correlator can be written in terms of a dispersion relation as 

H(g 2 ) = / ds — (m Q = m Q < or m Q ^ m Q t), (3) 

J {m Q +in Q ,+2m s ) 2 s Q 

where the spectral density is given by the imaginary part of the correlator 

p OPE (s) = I Imn OPE (s) (4) 

After equating the two sides, assuming quark-hadron duality, and making a Borel transform, the sum rule 
can be written as 

X H er M n/M 2 = f S ° dsp O¥V {s)e -s/M\ (5) 

•> (mQ+rriQ, +2m s ) 2 

To eliminate the hadronic coupling constant Xh, one reckons the ratio of derivative of the sum rule and 
itself, and then yields 

r2L = P rf-nOPE^-./^ / f° . OPE - s /m= 



M% = / dsp^^se-^ 1 I \ dspv^e-"" . (6) 

J (mQ+m Q ,+2m s ) 2 J (mQ+m Q , +2m s ) 2 
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For the latter case, one starts from the two-point correlator 

IPV) = * / d i xe i ^(0\T\j^x)f+(0)]\0). (7) 



Lorentz covariance implies that the two-point correlation function can be generally parameterized as 



IPV) = i^f - sH^V) + ^fu^(q 2 ). (8) 



q z 



The part of the correlator proportional to g M „ will be chosen to extract the mass sum rule here. In 
phenomenology, n^^g 2 ) can be expressed as a dispersion integral over a physical spectral function 



11 (l ) = 772 — — + ~ ds — + subtractions, (9) 



A (i) 2 1 /- 00 , ImnC^P^Cs) 

, L r9 J 9 + - / ds = 

M 2 - </ 2 7T i S0 s - g 2 

where Mij denotes the mass of the hadronic resonance. In the OPE side, nW( g 2 ) can be written in terms 
of a dispersion relation as 



roo o OPE M 

n (1 V)=/ ds'- Y- (m Q = m Q , or m Q ± m Q ,), (10) 



3 OPE 

' (niQ+rriQi +2m s ) 2 s ~ 5 

where the spectral density is given by 

p 0PE (a) = ilmn^^fs). (11) 

After equating the two sides, assuming quark-hadron duality, and making a Borcl transform, the sum rule 
can be written as 

[A (i) ]2e -A4/M 2 = / dsp 0FE ( S )e- s / M2 . (12) 

J (m.Q+mQ,+2m s ) 2 

To eliminate the hadronic coupling constant A^ 1 -*, one reckons the ratio of derivative of the sum rule and 
itself, and then yields 

Ml = P dsp^se-^l P d S p 0PE e-^ 12 . (13) 

J (mQ+mg/+2m s ) 2 J (mQ+mg/ +2m s ) 2 

C. spectral densities 

Calculating the OPE side, one works at leading order in a s and considers condensates up to dimension 



six, utilizing the similar techniques in Refs. 2 a. l2q|. The s quark is dealt as a light one and the diagrams 
are considered up to order to 2 . To keep the heavy-quark mass finite, one uses the momentum-space 
expression for the heavy-quark propagator. One calculates the light-quark part of the correlation function 
in the coordinate space, which is then Fourier-transformed to the momentum space in D dimension. The 
resulting light-quark part is combined with the heavy-quark part before it is dimensionally regularized 
at D = 4. For the heavy-quark propagator with two and three gluons attached, the momentum-space 
expressions given in Ref. [23j are used. In order to improve on the accuracy of QCD sum rule analysis for 
molecular states, the to 2 order and (g 3 G 3 ) contributions are included in OPE side. After some tedious OPE 
calculations, the concrete forms of spectral densities can be derived, which are collected in the Appendix. 
The spectral densities for (Qs)^ (Qs)^ (Q — c or b) states have been gained in our previous work 22|. 
which will not be included here. 
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III. NUMERICAL ANALYSIS 

In this part, the sum rules ([6]) and (|13j) will be numerically analyzed. The input values are taken as m c — 
1.23 GeV, m b = 4.20 GeV, m s = 0.13 GeV, (qq) = -(0.23) 3 GeV 3 , {ss) = 0.8 (qq), (gsa ■ Gs) = (ss), 
ml = 0.8 GeV 2 , (g 2 G 2 ) = 0.88 GeV 4 , and (g 3 G 3 ) = 0.045 GeV 6 . Complying with the standard procedure 
of sum rule analysis, the threshold sq and Borel parameter M 2 are varied to find the optimal stability 
window, in which the perturbative contribution should be larger than the condensate contributions while 
the pole contribution larger than continuum contribution. Thus, the regions of thresholds are taken as 
those values presented in the related figure captions, with M 2 — 3.5 ~ 4.5 GeV 2 for Z?* Z)* , D s iD* , 
D sl D sl , D s D* s0 , D sl D s , D* s D* s0 , and D*D sl , M 2 = 7.5 ~ 9.0 GeV 2 for B S D S , B*D S , B*D* S , B* D* s0 , 
B sl D* s0 , B sl D sl , B s D* sQ , B sl D s , B*D* s0 , B*D sl , D*B S , D sl B* s0 , D s B* s0 , D sl B s , D* s B* s0 , and D*B sl , and 
M 2 = 9.5 - 11.0 GeV 2 for B* B* , B sl B* , B sl B sl , B s B* s0 , B sl B s , B*B* , and B*B sl , respectively. 
The corresponding Borel curves are exhibited in Figs. 1-15. Note that masses for D S D S , D*D S , D*D*, 
B S B S , B*B S , and B*B* molecular states have been analyzed in our work Q, which will not be iterated 
here, while the numerical results are all collected in Tables Til for completeness. It is worth noting that 
uncertainty in our results are merely owing to the sum rule windows (variation of the threshold sq and 
Borel parameter M 2 ), not involving the ones from the variation of quark masses and QCD parameters. 

In summary, QCD sum rules have been employed to compute the masses of molecular states, including 
the contributions of operators up to dimension six in OPE. Ultimately, we have arrived at masses for 
various molecular states with {Qs}{Q^ > s} configurations. All in all, the numerical results are looking 
forward to further experimental identification. 



TABLE I: The mass spectra of molecular states with same heavy quarks. 



Hadron 


configuration 


mass (GeV) 


Hadron 


configuration 


mass (GeV) 


D s Ds 


(cs)(cs) 


3.91 ±0.10 


221] B 3 B S 


(bs)(bs) 


10.70 ±0.10 22] 


DtD a 


(cs)*(cs) 


4.01 ±0.10 


22] BtB a 


{bs)*(bs) 


10.71 ±0.11 22] 


d;d; 


(cs)*(cs)* 


4.13 ±0.10 


d] b;b; 


(bs)*(bs)* 


10.80 ±0.10 22] 


DsqD s0 


(cs)* (cs)o 


4.58 ±0.10 


B s qB s0 


(bs)o(bs)o 


11.35 ±0.09 


D e iD* s0 


(cs)i(cs)q 


4.64 ±0.10 


BsiB* 


(6s)i(6s)S 


11.38 ±0.09 


D sl D sl 


(cs)i(cs)i 


4.66 ±0.12 


B s \B s i 


(fe)i(bs)i 


11.39 ±0.13 


D s D* s0 


(cs)(cs)o 


4.24 ± 0.08 


B S B* 


(bs)(bs)o 


11.06 ±0.10 


DsiDs 


(cs)i(cs) 


4.37 ±0.08 


BslBg 


(bs)i(bs) 


11.10 ±0.10 




(cs)*(cs)o 


4.36 ±0.08 


Ba B* 


(bs)*(bs)* 


11.09 ±0.10 


d;Dsi 


(cs)*(cs)i 


4.43 ± 0.09 


B a B s i 


{bs)*(bs)i 


11.10 ±0.10 



TABLE II: The mass spectra of molecular states with differently heavy quarks. 



Hadron 


configuration 


mass (GeV) 


Hadron 


configuration 


mass (GeV) 


B S D S 


(65) (a) 


7.31 ± 0.09 


B a D* 


(bs)*(cs)o 


7.71 ±0.07 


B* s D a 


(6s)* (cs) 


7.37 ±0.09 


B* a D al 


(6s)*(cs)i 


7.78 ± 0.08 


B* s D* a 


{bs)*(cs)* 


7.46 ± 0.09 


D*B a 


(cs)*(bs) 


7.30 ± 0.09 


B* s qD* 


{bs)o(cs)o 


8.07 ±0.09 


D a iB* 


(cs)i(fes)S 


8.07 ±0.09 


B a iD* 


(6s)i(cs)S 


8.14 ±0.09 


D a B a0 


(cs)(bs)o 


7.73 ± 0.07 


B s \D a \ 


(te)i(cs)i 


8.17 ±0.11 


D a iB a 


(cs)i(6s) 


7.78 ± 0.08 


B a D* 


(bs)(cs)o 


7.65 ±0.07 


DtB a0 


(cs)*(6s)S 


7.79 ± 0.08 


B a \D a 


(bs)!(cs) 


7.80 ± 0.08 


D* a B al 


(cs)*(6s)i 


7.86 ± 0.08 
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FIG. 1: The dependence on M 2 for the masses of D*oDto and B* B* from sum rule (JBJ. The continuum thresholds 
are taken as y/so = 5.0 ~ 5.2 GeV and y/s~o = 11.8 ~ 12.0 GeV, respectively. 
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FIG. 2: The dependence on M 2 for the masses of D s iD s i and B s \B sl from sum rule (JBJ. The continuum thresholds 
are taken as y/so = 5.3 ~ 5.5 GeV and y/so = 12.2 ~ 12.4 GeV, respectively. 
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FIG. 3: The dependence on M 2 for the masses of D s i_D* and B S \B* Q from sum rule f|13[) . The continuum thresholds 
are taken as yfs$ = 5.1 ~ 5.3 GeV and y^io = 11.9 ~ 12.1 GeV, respectively. 
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FIG. 4: The dependence on M 2 for the masses of D S D* and B S B* from sum rule {J6]l. The continuum thresholds 
are taken as y/so = 4.6 ~ 4.8 GeV and ^/sq = 11.5 ~ 11.7 GeV, respectively. 
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11.6GeV 
-11.7GeV 
-11.8GeV 



9.5 10M'(GeV')10.5 11 11.5 



FIG. 5: The dependence on AT for the masses of D s iD s and B s iB s from sum rule f|13p . The continuum thresholds 
are taken as y/so = 4.8 ~ 5.0 GeV and y/so = 11.6 ~ 11.8 GeV, respectively. 
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FIG. 6: The dependence on M 2 for the masses of D*D* s0 and B*B* from sum rule (fT3)l . The continuum thresholds 
are taken as ^/so = 4.8 ~ 5.0 GeV and ^/io = 11.6 ~ 11.8 GeV, respectively. 
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FIG. 7: The dependence on M 2 for the masses of D*D S \ and B* S B S \ from sum rule (JBJ. The continuum thresholds 
are taken as ^fso = 4.9 ~ 5.1 GeV and ^/sq = 11.6 ~ 11.8 GeV, respectively. 
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FIG. 8: The dependence on M 2 for the masses of B S D S and B*D* from sum rule JB). The continuum thresholds 
are taken as ^/so = 7.7 ~ 7.9 GeV and = 7.9 ~ 8.1 GeV, respectively. 
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FIG. 9: The dependence on M 2 for the masses of B*qD*q and B s \D s i from sum rule l[B)>. The continuum thresholds 
are taken as -^/io = 8.5 ~ 8.7 GeV and y/so = 8.8 ~ 9.0 GeV, respectively. 
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FIG. 10: The dependence on M 2 for the masses of D*B S and 5*_D S from sum rule (fT3)l . The continuum thresholds 
are taken as y/so = 7.7 ~ 7.9 GeV and y/so = 7.8 ~ 8.0 GeV, respectively. 
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FIG. 11: The dependence on M 2 for the masses of D s iB* and B s iD* from sum rule (|13f) . The continuum 
thresholds are taken as y/so = 8.5 ~ 8.7 GeV and y/so = 8.6 ~ 8.8 GeV, respectively. 
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FIG. 12: The dependence on M 2 for the masses of D*B* and B*D* from sum rule (|13|l . The continuum thresholds 
are taken as y^STy = 8.2 ~ 8.4 GeV and = 8.1 ~ 8.3 GeV, respectively. 
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FIG. 13: The dependence on M 2 for the masses of D*B s i and B*D s i from sum rule ([6]). The continuum thresholds 
are taken as y/so = 8.3 ~ 8.5 GeV and y/so = 8.2 ~ 8.4 GeV, respectively. 
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FIG. 14: The dependence on M 2 for the masses of D S B* and B S D* from sum rule (J5J. The continuum thresholds 
are taken as y/so = 8.1 ~ 8.3 GeV and y/so = 8.0 ~ 8.2 GeV, respectively. 
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FIG. 15: The dependence on M for the masses of D s iB s and B s iD s from sum rule (|13p . The continuum thresholds 
are taken as y/so = 8.2 ~ 8.4 GeV and y/so = 8.2 ~ 8.4 GeV, respectively. 



APPENDIX 

The spectral densities are distinguished for two sorts of doubly heavy molecular states, namely, contain- 
ing the same or differently heavy quarks. First, with 

p 0PE (.s) = pP ert 00 + p<"> (s) + p< s ')' (s) + p<*-«" G ') (s) + P ^ g 'Hb) + P {g3G3) (s), 



5 P ert ( S ) 



da f 1 a dp 



2 11 tt 6 J amm a 3 J Pm . n p 



(1 - a - P)[(a + P)m 2 Q - aPs] 



3 da f L ~ a d/?„ mr/ m o 

+ 2%6 mQTOs i ^ y ^(l-a-/3)[(a; + /?)m Q -a/?s 

3 2 2 2 f amax da f 1 a dp 2 ^, • 

+ ^6 m Q™ s y^ ^2 y ^2 (! - " - /3) [(a + /3)m Q - a/Js 



3(SS) /""max rfa r 2 /-, , ,1 

3(ss) , [ a ™* da { X ~ a dp u 2 
+ 2V4 m O m «/ — / -j[(a + /?)m -a/fc] 

3(SS) 2 f aman: da . 2 /-, xi 

+ 26^4 m Q m s/ — [m Q -a(l-a)s], 

— J Oirn.in, 



\2 



2 i ^ 2 -mQm s y'l -4m Q /s 

3(ss) 2 
2 5 tt 2 



+ 3 irl m « / daa(l-a), 



+ {9f^_Gfl ms J da[2m 2 Q -3a(l-a)s} 



(oscr • Gs) , r ; 2~" T 



+ 



2V 



G2> W = dP{l-a-P)[{a + P)ml-aPs] 



— 3 / d/3(l - a - /3)[(a + /3)TOg - a/3s] 

-'min *^ Pmin 

+ fSr™ 3 ^ £7 S £T d/3(a + - a - 

3(5 2 g 2 ) 2 2 r mo " a 1- " ,^ 



■,(9 G ) 



(s) 



/ — / d/3(l-a-/3)[(a + /3)m Q -a/3 S ] 



(g 3 G 3 ) 



17 ^rmn " Prmn 



mm 

1-a 



2 11 



+ £™ aX 5 ^ Q + 6/?)(l - a - /?) 
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for (Qs)* (Qs)* , 



3 /-"max d a rl-a 

+ 27^6 m Q ms J ^3 J - a - (3)[{a + p)m 2 Q - af3s) 



3 



^mlml fj^ J - a - /3)[(a + 0)m& - a/? s ] 2 , 



,i, )M 3(ss) [ a — da f L - a dp.. a . 2 l2 

P {) ( s ) = ^ m Q -f[(a + p)m 2 Q -a(3s} 2 

3(ss) /-"max da „ 2 

3(ss) 2 da r 1 -" d0., , 2 

+ 2W m Q ms J ~ J + P)m Q - aps] 

, 3(ss) 2 / > " max da 2 \ i 

-m Q m s — -[to q - a(l - a)s], 



2 5 7T 4 



(ss) 2 / 

+ 2V mQms V 1_4m Q /s 

3(SS) 2 2 ; „ 



> 67r 4 mgm 2 ^! -^/s, 



^ 2G2> ( S ) = %^T m Q [ maXd ^j~ a dP{l- a -P)[{a + PW Q -aPs] 

+ 2%6 TO Q TOs / ^3 / d/?(l - a - /3) [(a + /3)m 2 ? - a/3s 



3(5 2 g 2 > 2 2 r max rfa /" 1_a 



+ ^/;3/:> (1 -«-« 

+ W?™<3™* P"" ~T / " + 6/3)(l - a - /?), 

Z 71 Ja min a Jf3 mzn 

for (Qs)i(Qs)i, 

p 0PE ( S ) = -{pP crt ( S ) + p< s " s >(s) +P {Ss) \s) + p^ G ^(s) + p^ )(s) +^ 3g3 >( S )}, 



3(s S ) 



P { } ( s ) ^ ~~^TZI m Q / ^2 / ^(l + a + /?)[(a + /3)m 2 Q -a/3 S ] 2 



2 7 7T 4 n- ./^ 



+ ^W Q . -y, . 7 [(«+«-«H a 

3{ss) r a max da r 2 . l2 

- ^4 - + - a/3-] 

- ^4 m Q m * y^ J - ^ [m Q - a(l - a)s] 

3(ss) 2 , r 1 -" d0 t , „ 2 

+ 7yT^[ m Q m s da -j[{a + P)m Q - a/3s], 



2 4 7T 2 

mQm s ^Jl - Am 2 Q /i 



3(ss) 2 



2 6 7T 2 

,2 



3(SS) 2 f a m<«« 
2 6 7T 2 



/ daa(l — a) 

J "mm 



3(oscr • Gs) r a max da r 2 

W mQ J T~a~ [mQ ~ a{ ~ a)s] 



2 7 * 

{gsa_Gs) [ a ™°* 2 n 

— m s J da[m Q - 2a(l - a)s\ 



3( 5 SCT • Gs) 



m Q m sS Jl - 4m Q /s, 

P^to ^ -^rrF^Q P^S T %/?(! _ a _ /3 )(i + a + + /3) m 2_ a/ 3. 
3(.g 2 G 2 } r— da ^ 



m Q m s I — df3(l-a-[3)(3 + a + f3)[(a + [3)m 2 Q -a 

{ J^ m * Q rn s ^ f 1 " d/?(a + /3)(1 - a - /3)(3 + « + /?) 

3(5 2 g 2 } 2 2 r max z 1 "" 

17 Utm.i.n. ' J KJm -in 



~i^ m Q ^ dm -a-f3)(l + a + 0) 

J Otrn.in. " Pm.in. 



mm 

1-Q 



(0 3 G 3 ) /-"max J a 

'-' T -m Q m s -ft d/3(a + 6/?)(l-a-/?)(3 + a + /?), 



for (Q«)!(Qa)5, 

p 0PE (.s) = pP CTt (,s) +p<">(«) +p^ 2 ( S ) +p<^ Gs >(5) +p^ G2 >( S ) 



- ^ m Q TO " / ^ / S(! - « - ^)[(« + Z 3 )™! ~ a/ 34 



-^TT m Q m s — —[(a + (3)m Q -af3s], 



3(ss) 2 , , 
+ ~^T m s I daa{l - a), 



^■G.) {8) = {9 ~ S ^ s) m s j"^ da[2ml - 3a(l - a)s] 
~ 3{9 v n ? S) m Q m s^-4rn 2 Q /s, 



13 



P i92G2) (s) - f^J [ ~ a df3(l-a-(3)[(a + f3)rn 2 Q -af3s] 

3(g 2 G 2 ) 2 2 da f 1 ^ iol 



l/3„ 



for (Qs)(Qs)* , 

p 0PE ( S ) = -{pP ert ( S ) +^ S> ( S ) +P <5S)2 W +p^ Gs Hs) +P {92G2) (s) + P ^ g3 H S )}, 



pPert(s) = -2^* £7 S £T ^ (1 " a " + a + ma + p)ml " a/3s] 

3 da r 1 ^" d/?,., m2r . m 2 a , 3 

- 2^ mQms / ^3 / -pi 1 - a - P) K a + P) m Q - a P s \ 
+ ^6 m Q m * / J/ ^(l-a-/3)[(a + /3)m|-a/3s] 2 , 

3(ss) r— da ['-"dp 
3(ss) r a ma.x da . 2 



) m o ~ a/?s] 2 



3(ss) '" a """ />1 ~ Q 



noma* da ,i-a d/3 

m Q m\ l da I — [{a + (3)m 2 Q - a/3s], 



2%2 Qy — Q 
' ( S " S ) 2 



^m Q m^l-4m 2 Q /s 
3(ss) 2 <- a — 



2 6 7T 2 



f' a max 

■m 2 / daa(l — a), 



pO»- G 'Ha) = JJ&Jf* mQ da jf "° |[(a + ^ - a/?,] 

(gscr • Gs)_ ms / da[m^ - 2a(l - a)s] 



2 7 tt 4 

(ostr • Gs) 2 r ; 
" 99 Z5 ^Q^V 1 - 4m Q/ s ' 
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P {9 ' 2g2) (s) = -%^t^q f ^ / a d/3{l - a - (3)(1 + a + p)[(a + P)m 2 Q - aps] 
3(.g 2 G 2 } f am " da rl ~ a 



m Q m s -3/ dp{\ - a - f3) 2 [(a + [3)m 2 Q - aPs] 



2 12 7T 6 

J2n2\ r a max 7 r l-a 



{g 2 G 2 } 



m Q m ° / — / d ^ a + ~ 01 ~ 1 3 ) 2 



3(ff 2 G 2 } 2 2 r" 1 " da f 1 ^ jar-. 
p<^(s) = -^^-J"^^ J 01 W - « -/?)(! + a + /3)[(a + /3)m 2 3 -a/3s] 



(5 3 g 3 ) 2 r maxrf « 



2 12 tt6 q .L . a 3 



l-a 



TO Q / / d/3/?(l-a-/3)(l + a + /3) 



/3„ 



for (Qs)i(Qa), 

p 0PE ( S ) = -{pP crt (.s) + p< s ~ s >(s) +p^> 2 ( S ) +p^' Gs >( S ) +^ 2G2 >( S ) +P <93g3> (*)}, 
^V) = "21^6 £ maX ^f a ^ + « + /?)[(« + /?K-«/? S ] 4 

3 2 2 2 f a — da f^dp,, a . 2 fl l2 

+ 2V TOgTOs / a 2 / ^(l-a-p)[(a + P)raQ-apsj ' 



. 3(ss) da r x - a dp„ . u a . 2 

P ^ = W^ m< *J a j -j{l-<*-0)[(<* + 0)mQ-al38] 

f am " da f 1 -* dp., as 2 . l2 
/ "77/ ^[(a + /3)mQ-a^] 2 



3(ss) 

2 7 7T 4 ./.. M / ; 



3(ss) f amaai da . 2 /, \ t ■ 
-to s / — — -|TOq — a(l — ajsj 



3(SS) 2 da <*/?., m 2 



3(ss) 2 



f dp 
da —[(a + P)m 2 Q -aPs], 

" Pmin ' 



— mQ m s ^j\-{ m 2 Q l S 
3(ss)'- 

2 6 7T 2 



f&max 

m 2 I daa{l — a), 

J CtmAr,. 
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(gscr ■ Gs) r a max 
2V — ms J da i m Q - M 1 - a ) s \ 



+ ^ {gS ^? S) m Q m ^ l - Am Ql s 



+ 2 %4 S) m Q m 2 sy Jl-4m 2 Q /s, 

P i92G2) (s) = - { ^^rn 2 Q f maX J f a d(3(l-a-f3)(l + a + ma + P)rn 2 Q -af3s] 
+ %Tir m Q m s / ™ d(5{l-a-(i) 2 [(a + (3)m 2 Q - af3s] 

° "mm u Pmtn 

+ { 4^T<™s jT"" 5 ^ d(3(a + /3)(1 - a - /3) 2 



//3„ 

3<3 2 G 2 } 2 2 r max f 1 '" JO „ 
+ J ^e Lm Q m s ^ d/?(l-a-/?), 

P^'H*) = -WF f*""^ Q d/3(l-a-/3)(l + a + /3)[( a + /3)m 2 Q -a/3 S ] 

r max ^ /■ a d/?/J(1 _ a _ m +a+/3 ) 



(9 3 G 3 ) 2 ["—da 
2 12 tt 6 1 



+ { -^-m Q m s r maX J / a d/3(a + 60) (1 -a- /3) 2 , 

for (Qs)*(Qs)q, and 

p 0PE ( S ) = pP CTt (5) + («) + (S) + p^°- G °) (S) + p^ (S) + p^ (S), 



3 



2 A n , /■!-<* 



m Q m t [ / ^(l-a-/3)[(a + /?)TOQ-a/3s] : 



2 5 7T 4 

3(ss) 





- a(l 


a) v 


da r 1 




a J/3™ 





3(ss) 2 2 . , 

+ 23?r 2 m « / ^"l 1 ~ <*)' 



3<g 25^4 G8) m Q m V 1 ~ 4m Q /i 



J y rf/3/?(l -a- (3), 



< 5 3 G 3 ) ,« ra .. 


da ( x - a 








f»- da 


+ ^6 ™Q 


/ a 3 



for (Qs)*(Qs)i. The integration limits are given by a m i n = (1 — y 1 ~ 4toq/s)/2, a r , 

- 4to|/s)/2, and /3 min = am^/(sa - m^). 
Second, with 



„OPE 



(s) = pP crt (s) + (s) + p^ 2 (s) + p^ Gs > (s) + p^\ S ) + p^ (s), 



/■aw* ^ a /■ -a ^rt 
^3 _/ ^2 ( J ~ Q ~ P)[ aTO Q + P m Q' - a P S \ 

/•a m ax ^ a r -a fiR 

Tm Q m s / — / — (1 - a - P)[am Q + Pm Q , - a(3s\ 

J Ctrn in " Pmin. ' 



2 V .... „- JAr 

2V' 

3 2 2 r max /' 1 " a d/3 



2 9 7T 6 



m Q m Q ,m 2 s [ ^/ ^(1 - a - /3)[am£ + /3m 2 ,, - a/3s] 2 , 



iss), ^ 3 (* s > [ a — da f 1 -* dj3 1 2 fl 2 „ l2 

" TOQ / «2[ am Q +l 3m Q' ~ a P s \ 



2 7 7T 4 



3(ss) r a max ^ a 



2 7 tt 4 a(l-a) 



— / y[ara Q +/3m Q , - a/3. 



3(SS) 2 /* QmaX da r 2 /-, \ 2 /-, xi 

^rnqms / Y~a~ ^ am Q + i 1 ~ a ) m Q> - a(l - a)s\ 

Ctmin 

3{ss) 2 da < 2 \ 2 

m Q' m s / l am Q + (1 — a ) m Q' ~ a (l — a ) s J> 



2V 
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s) 2 / 

— (toq + m QI )m s ^l{s -m 2 Q + m 2 QI ) 2 - Am 2 Ql s/i 



2 5 



p{g5a . Gs){s) = J(gs*-G S ) mQi + (1 _ a)m ^ _ a(1 _ a)g] 

3(gscr • Gs) / ,a ma« da , 2 
2%4 mQ 7 ~ -l am Q + i 1 ~ a ) m Q' -a(l-a)s\ 

+ ^~^ 7 ^ ^ m s [ da[2arriQ + 2(1 — a)m,Q, — 3a(l — a)s] 

3(gsa ■ Gs) r ; ^~~z " ; 

+ 2^4 m Q m Q' m sy (s -m 2 Q + m z Q ,) 2 - 4m 2 Q ,s/s 



+ -%TT^T m Q J da j p ^ l ~ a ~ ^ am Q + P m Q' ~ a ^ 

-m Q/ m s / -— - / d/3(l - a - /?)[amg + /3m 2 ,, - a/3s] 



Oil 6 " l Q" n S / _ 3 / U, f jy± - LK ~ fJJlLXlllQ fJlllQ 

~,2r<2\ ra mal i n , rl-a 



3(g 2 G 2 } r<*ma* /■ 1 - a d/3, 1 „. o . 2 

21171-6 m Q m « J da J - a - f3)[am z Q + f3m' QI - a[3s\ 

(g 2 G 2 ) 3 /■ 1_a ^ M m 

-mQffl s / aaa / — (1 — a — p) 



2"^ W ./a ra<B J fimin /? 3 

„2^2\ /-Q m ax J_, /-1-a 



(g 2 G 2 ) 2 r— da f l ~ a , ofl 
^L_^ mQ m 2 Q ,m s - d(3(l -a- (3) 

m Q m Q >m s I da I —(1-a- (3) 



2H7T 6 

2\ 

2 



3(g 2 G 2 } 2 f° max da f 1 ^ iaM 

+ 211^6 m Q m Q' m s J a ^2 J f3 ~ a ~ $ 

3(ff 2 G 2 ) 2 r max d0„ 

+ -^n^ m Q m Q ,m s / da / -02 a - a - z 3 )' 



P i93G3) (s) = r maX ^r\p{l-a-P)[arnl+Pml,-aPs] 
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3( 3 CS) ,«„« f l -°<U},, m 

— mg77i, ( ctaa I -p(l-a-0) 



2 12 7T 

(g 3 G 3 ) _ _ f a — da 
■I 1 



rmn 

l-a 



mQm s / — 2 / d/3(l - a - /3) 

mQ>m 8 \ da -^{1 - a - /3), 

J a,,,,., ■I:i,„ 1 ; P 



for (Q5)(Q's), 

P PeTt ( s ) = £ maX ^f ~ a pl-a-m + * + m*rn 2 Q +0rnl,-a(3s]* 

3 /-"max ^ a r -a dp 

+ ^9 _ 6 m< 3 ms / ~2 / -^(l-a-l3)[am Q +l3m Q , -a/3s} a 

Z 71 Ja min a Jf3 min P 



p{ss)[s) = 3g mQ , £-^J^ a ^ {a + mam 2 Q+pm 2 Qi _ aps? 

3(ss) da f 1 ^ dp. 2 a 2 l2 

~ 2V ™ s / afl-a) I am Q + (1 _ a) "V _ a(1 _ a)s] 



3(ss) 



/■ Qmax da [ x ~ a d(3 

-w mQmQ,m 'J amtn ~ J, min yt— q-^"v 

3(SS) ? /""max ^Q. 

+ 2V mQms y J— ^ i am Q + I 1 - a ) m Q' - «(1 - 

3(ss) 2 / >Q "* ox da /' 1_Q „ 

-m,Qivn a / — / dp[am,Q + pmq, — aps\ 



am,Q + fimni — a(3s] 



2 7 7T 4 

2V 



— [amg + (1 — (y)m 2 Q, — a(l — a)s], 

-'-min 



2 4 tt 2 

^wq™ s \J{s-rri 1 Q + m 2 Q ,) 2 - Am^s/s 



r&max 

rnQfjiis I da(l — a) 



2 5 7T 2 

3(ss} 2 r a max 

-^-rml / daa(l-a), 



p(gS .. Gs){3) = J{gsa.Gs) mQi ^ d(3[am 2 Q + p m 2 Q/ _ a(3s] 

3(gsa ■ Gs) [ amaa! da , o . 2 ,„ . 

+ ^4 m Q' J — t am Q + y 1 ~ a ) m Q' ~ a ( 1 _ a ) 



3(gs<7 ■ Gs) ( ama * da , , , 2 
¥^ mQ ^—-[am Q + (l-a)m Q ,-a(l-a)s\ 

(gsa ■ Gs) r a max 
4 — m s / da[ctraQ + (1 — ajuiq, — 2a(l — a)s\ 

3(gsa ■ Gs) r 7, ^~~z " ; , 

2^4 m Q m Q' m s y ( s -m z Q + m A Qi y - 4m z Q ,s/s 

^?™g m ^ \j( s - m Q+ m Q>) 2 - ^m 2 Q ,s/s 

{gsa ■ Gs) 2 t a ™* J M 

287r 4 — / ^l 1 - 



+ 
+ 



2> W = -%^ W Q' T max ^ /" ™ d (3(l-a-(3){l + a + (3)[am 2 Q +f3m 2 Q ,-a(3s] 

1 n Ja min a J/3 min 

- ^T m Q dajy^(l-a-P)(l + u + P)[arn 2 Q + (3m 2 Q , ~ a(3s] 

3(a 2 G 2 ) re-man ^ a rl-a 

+ 2 12 ir e Q ' ms J 7? Jp d(3{l - a - (3){1 + a + f3)[am 2 Q + /3m 2 Q , - 
+ { -^-rn 3 Q ,m s £^ J J " d(3p{\ - a - /3)(1 + a + (3) 

+ 211^6 m Q m s J da \ /J3 ^ ~ " ~ ^)[ am Q + ^ m Q' ~ a/3s l 
(g 2 G 2 ) 3 f^ a d(3^ 

+ on 6 m Q m Q' m s / — / -a- (3) 



' ' 1 m 2 Q m Q ,m s j da j -£(1 - a - + a + /3) 



211^6 m Q m Q' m s J d(3(l -a- 13) 

3(g 2 G 2 ) 2 , /■ l_a ^, 1 m 

211^6 m Q m Q' m s J da J -p[l-a-P), 



P {g3G3) (s) = - { -^- r ma *^ r a df3(l-a-f3)(l + * + P)[arn 2 Q +(3m 2 Q ,-af3s] 
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~%Sr / ^ da j fj ^(l-a-m + a + P)[arn 2 Q +[3m 2 Q ,-a(3s] 

(n 3 C 3 \ r a max pi— a JO 

-%^ m Qj a , daa J 0min W {1 ~ a ~ m + a + l3) 

+ '^nrir m Q' m s f ma *% [ " dW{i - a - + a + p) 

A 71 Ja min a Jf3 min 

f a ^(l-«-/?)(l + a + /3), 

" Pm. in. " 



+ ^ mQ,ms L n da L 

for {Qs)*{Q's), 

ppert(s) = ^ Lll%C3 ^-"-^Q+^-aH 4 

3 /'"max ^ a /■ -a ^ 

3 da dj9 



m Q m s [ ^ / P)[am 2 Q +f3m 2 Q , - afisf 

Ja min a J(i min P 



2 8 7T 6 

3 2 (•"»«« d a i" 1- " 



3(58) f — da [^"dfi 2 2 2 



+ 2V™ S y^ a (l - a) [amQ + ( a)mQ ' ~ a{ ~ a)s] 

1 n Ja mm a J0 min P 

3(ss) 2 /' Qma:c da 2 > 2 /-, xi 

mgm s / F TO g + (1 — a ) m Q> — a (l — a ) s J 



2 6 7T 4 

3(ss) 
2V' 



™Q'W 2 / — [am| + (1 - a)m Q , - a(l - a)s], 

«/ Qmin 



p <5s>2 (s) = ^2-m Q m Q - ^{s-m 2 Q + m 2 Q ,) 2 - 4m 2 Q ,s/s 



r^K + m Q ,)m s ^(s -m 2 Q + m 2 QI ) 2 - 4m 2 Q ,s/s 

3(ss} 2 2 
+ „ 2 m s / daa(l - a), 



2 3 7T 2 



3(gsa ■ Gs) f amax da , 2 s 2 ,-, n i 

-m Q — — [am 2 Q + {1 - a)m 2 Q , - a(l - a)s] 

amir, a 



2V 



+ ^ 5 4 — m s / aa[2a?7!,Q + 2(1 — ajnig, — 3a(l — ajsj 

3(gsa ■ Gs) r ; ^~~z ; ~ 

+ ^3 m Q m Q' m s y ( s ~m 2 Q + m 2 QI ) 2 - Am 2 Q ,s/s 

(toq + mQ,)m 2 s ^J (s - m 2 Q + m 2 Q ,) 2 - Am 2 Ql s/s, 



(gsa ■ Gs) 
2V 



+ 297r 6 m Q / da / ^(l-a-/3)[amg+^-a^ 

3(g 2 G 2 ) f a — da f 1 -" , Q . 2 fl 2 
oio 6 m Q' m s / — / d/3(l -a-/3)[am Q +/3m Q , -a/3 



oio 6 m Q m s / da / -53(1- a-/?) [am^+/3m^, - a/3s] 

<g 2 G 2 ) 3 J /' l " a ^/ 1 

-m A Q m s daa I -£(l-a-/3) 



2 10 ^ 6 W 7a m ,„ /g raiB /3 3 

(3 2 G 2 ) 2 da ' 1 - Q 



^ I5 -^m Q m Q ,m s ^ — y d/3(l - a - /3) 
P"** Pf (l-«-/3) 



O/^ 2 ) ....... ... |" / ! " 

+ -^T Lm Q m Q' m l I ^ / d/3(l-a-/3) 



3( ff 2 G 2 > 2 da ' 1 - a 

3(ff 2 G 2 ) 2 r max , /" 1_Q 

+ 297r6 m Q m Q ,m s J da J — (l-a-/3), 



( s ) = "In^ / — / W - a - /?) [am 2 , + /?m 2 Q , - a/fr] 



1(9 G ) ( K \ = 

O 1 I / 

' f^min 

(g 3 G 3 ) 2 r max da , * 1 ~ a 



+ fi<vf™Q' / ^ / W - a - ft 



Or, 



(g 3 G 3 ) 2 r max , f 1 "*^,! 



211^6 "•"""J amin «3 
2Htt6 



-■m Q m s daa — (1 - a - (3) 
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(g 3 G 3 ) da rl ~ a 



(g 3 G 3 ) r°ma. f^dp,, 

for {Qs)*{Q's)*, 



P 0PE ( S ) = pP crt ( S ) + («) + p^ 2 (s) + p^ G °) (s) + (s) + p<° a &) (a), 

P P6rt W = ^6 r a ^(l-a-P)[aml+Pml,-ap S }* 

J OLmin ^ Pmin ' 

3 da f 1 -" d/?^ ... 2 . 2 . 13 

3 da / >1 - Q d/3 ^ 2 2 l3 

^g-gTO Q m s / -J / -3(1 -a -/3)[am g +/3m Q , -a/3s] J 

J OLmin " Pmin ' 

32 2 T max /" 1_a <*/?,., mr 2 fl 2 al2 

29^e m Q m Q' m s -^2 Ipy 1 -a-P)[am Q + (3m QI ~ a(3s\ 

(i , )M 3(ss> f a — da f^dp. 2 fl 2 12 
P { Hs) = ^T TO <?' / ^2 / -y[am^+/3m^ - a/?s] 2 

3(88) f a »" da /• 1 ^ Q d/3. 2 fl 2 a , 2 

3 ( s s \ f dcx r 9 \ 2 /-1 \i2 

2V ™ s 7 Q a(l - a) [amQ + ( a)mQ ' ~ " ( ~ a)s] 

3{ss) da f 1 - d/3. 2 2 

-^i m Q m Q' m s —J -rr[am Q + f3m Q , - a/3s] 

J C*min J Pmin ' 



+ 
+ 



+ 
+ 
+ 
+ 



3(ss) 2 /" Qmax da r 2 . . o ,, . n 
7f7 m Q m s / t - ^ [ am Q + (1 - a)m Q , - a(l - a)s] 

3(ss) 2 /' Q " laX rfa r 2 \ 2 /, \ 1 

-^4 m Q' m s —[am Q + {l-a)m Q ,-a(l-a)s], 

P (is)2 (s) = 1^2 m Q m Q' \/( s -™q + m Q') 2 - 4m2 , s /a 

(ss) 2 / 

+ ^2"( mc ? + rn Q >)m s ^{s - m 2 Q + m 2 Q ,) 2 - 4m 2 Q ,s/s 

3(ss) 2 2 T max . 
+ ^5^ m sJ daa(l-a), 

= ^ m ,["^K + (l- a )4- fl (l- a ) S ] 

3(gsa ■ Gs) [ ama * da , , . 2 

+ ^4 m Q / — hQ + (l-«)m Q ,-a(l-a)s] 

+ l ^-^rT~^ ms J da[2am 2 Q + 2(1 - a)m 2 Q , - 3a(l - a)s] 

3(gsa ■ Gs) r ; ^~~z " ; 

+ ^4 m Q m Q ,m s y ( s - ™q + m^,) 2 - ^^s/s 

+ ^^T^ ( TO Q + m Q') m2 s\J( s - m Q + m Q>) 2 - H 5 / s ' 
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P^ G 'H*) = { 4^ m l' f^S r a dP(l-a-(3)[aml+f3m 2 Q ,-a(3s] 

L 11 Ja min a J f3 min 

/„2q2\ ra max rl-a 

+ ^n^ m Q J da J fj ^ l ~ a ~ ^ am Q + ^ m Q' ~ a ^ 

£/g2Q2\ ra max ^ rl-a 

+ 2ll7] . 6 m Q ,m s J -3 J d(5{l - a - f3)[am 2 Q + l3m 2 Q , - afis] 

^/„2q2\ ra max rl-a ^ 

+ 211^6 m Q m s J da (1 - a - fi)[am 2 Q + (3m 2 Q , - a/3s] 

(5 2 g 2 ) 3 r max , A*"" 

+ ^TT^ m Q m s daa -m^-a-l 3 ) 

{g 2 G 2 ) 2 r— da f 1 -" 
+ 011 6 m Q m Q ,m s / — / d/3(l - a - [3) 

Z n Ja min a J0 min 

3(g 2 G 2 ) 2 r max f^ a , „ 

+ 011 6 m QmQ' m s / -o / "Pi 1 -a- (3) 

A n Ja min a J0 min 

3(ff 2 G 2 ) 2 r max , f^ a d0„ 

+ 211^6 m Q m Q' m s / / ^2 (1 - a - 0), 

Jasmin J Pmin ' 

P {9 * G3) {s) = [ a ma *% f~ a d(3(l-a-(3)[arn 2 Q +0m 2 Q ,-a(3s} 

+ J da j -^{l -a- l3)[am 2 Q + l3m 2 Q , - aps] 

3(g 3 G 3 ) f 1 ~ a d/3^ 
(g 3 G 3 ) r<*ma* f l - a d0 /1 

for (Qs)* (Q's)* , 

P 0PE ( S ) = pP ert (5) + p< 5s > («) + p^ (*) + p<^ Gs > (a) + (a) + P ^ (a), 



2% 6 



f max da f d(3 n . r o , 2 „ ,■! 

-mQ>m s \ — -rj(l - a - [3)[am Q + (3m Q , - apsf 

3 /-"max da f 1 a d(3 o 2 „ ,1 

+ 2%6 TOQms i ^ /g ^(l-«-^)[an»g+^"io'-«^«] 

3 2 2 f amax da f 1- " d/3 ,„ „. r 2 ^2 ^ 12 

+ ^E m Q m Q' m s ^2/ ^(l-a-/3)[am Q +^m Q ,-a^] 



(ss)r 1 3 (« s ) f a — da [ X - a dp. 2 . 2 a l2 
P ( >(«) = 2^™^' y a ^2 ^ -j[am 2 Q +0m 2 Q , - a/? S ] 2 

) da /^d/? 2^,2 fl • 



2 6 7T 4 J a a jg . 

3(ss) da 



5S) /" max r 2 /1 \ 2 /1 \ i2 

25^4 ™ s / a(l-a) [amQ + ( a)mQ ' ~ " ( ~ ^ 



3(33) r max da f^ a dp, 2 Q 2 

m Q m Q <m s — / — [am Q + (3m Q , - a/3s\ 



2 3 7T 4 

3 ( s s \ 9 f dcx r i 

+ ^4 m Q m s / Y~a~ + ( a ' mQ ' ~ ^ ~ a ' S * 



3(ss) 2 
(ss)< 



I — [am 2 Q + (1 - a)m 2 Q , - a(l - a)s], 



P (SS)2 ( S ) = ^2 m Q m Q' \A S - m Q + m Q') 2 - 4m Q> s / s 

(ss) 2 1 

-(mg + m QI )m s J(s - m 2 Q + m 2 QI ) 2 - Am 2 Ql s/s 

T 



2 4 7T 2 

3(ss} 2 , I 



3(oscr • Gs) da ? 2 

+ 2V mQ 7 Y3^[ Q!m Q + ( 1 - Q; ) m Q' -a{l-a)i 

(gsa ■ Gs) r a max 
+ ^ 5 4 — m s / da\2auiQ + 2(1 — ajnig, — 3a(l — ajsj 

3(gsa ■ Gs) r ; ^~~z " ; 

+ ^ m Q m Q' m s y ( s ~m 2 Q + m l Ql f - 4 m 2 Q ,s/s 

+ ^-^^-( m Q + m Q') m l\J( s - m Q + m Q>) 2 - 4m Q ,s/s, 



>(S) = Z^™®'] dP(l-a-P)[am 2 Q +Pm 2 Q ,-aPs] 
+ ^p^T m Q da -^(l-a-f3)[am 2 Q +f3m 2 Q ,-af3s] 



0„ 



3(g 2 G 2 ) , f l ~ a d/3„ „ r 2 . 2 

+ 2l07r6 "qw s y day -^3(1 - a-/?)[ara Q + f3m Q , - a(3s] 

(g 2 G 2 ) , , / >1 - Q d/3,, 

+ ^To^r m Q m « y daa y £3 (! - a - /?) 



(3 2 g 2 ) 2 r max da /* 1_a 

+ ^To^ TO Q m Q' m - / ^2 / W " a ~ P) 



(g 2 G 2 ) 2 r<*ma* [ L - a df3^ 

2 9 ?r 6 m Q m Q' m s / da/ -j(l-a-/3), 



5 ( 3 3 G 3 >(s) = (gjG 3 ) f—daf - a mi _ a _ p)[am 2 Q+pm 2 Qi _ aps] 

+ 2ll7r6 y day ^(l -a-0)[am 2 Q + f3m 2 Q , - a(3s] 



(g 3 G 3 ) 2 T max , I" 1- " dP„ 



1-a 



3( ff 3 G 3 ) r~ a d(3 M 



for (Q^^Q's)!, 

P 0PE ( S ) = -{pP ert ( s ) + + p (5s)2 W + p<^ Gs >(s) + ^ 2g2 >( S ) + p <93g3> (*)}, 

= / 5 / f (l-a-/3)(l + « + /?)K+H,-^r 

rm Q/ m s J ^ y ^(1 - a - /3)(1 + a + (3)[am 2 Q + f3m 2 Q , - af: 



2 10 7T 6 

8 da r 1 -" d/r mr 2 fl 2 

m Q m s — — (1 -a-/3)[am Q + /3m Q , - a/3s] J 



2V ./a miB 

m Q m Ql m 2 s f ^/ ^(1 - a - P)[am 2 Q + (3m 2 Q , - a(3s} 2 , 

min 
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3(ss) f — da [ X - a dp 2 2 2 

-toq / — / -^i am Q +Pm Q , -a(3s\ 



2v" l « y a _ ~ y,_ ^^^'"fl' 

3(ss) 
2V 



3(ss) /■ a ">»* da f 1 a df3 , 2 2 , 

+■ ^^4™, / — / + fancy ~ a0sY 

Ja„,i„ a J0 mi „ P 



>0„ 

3(ss) r a ™ax da 2 2 2 

2V ™ s / a(l-a) [amQ + ( a)mQ ' ~ " ( ~ a)s] 
3(ss) 

2 5 7T 4 

3{ss) n /" maa; (io: _ q 2 , i 

<* Ctmin 

3{ss) 2 /" a ™" da 



mQm,Q>m s / — / — [amg + pm Q , - aps 

Ja mzn " J0 min P 



2 7 7T 4 

3(ss) 
2V 



m Ql m 2 s 



/ — / df3[amQ 4- /3mg, — a(3s\ 

m Q' m l ( ~~[ am Q + (1 ~~ a ) m Q> — a (l ~~ 



p (ss)2 (s) = — -^m Q m Q , ^ {s - m 2 Q + m 2 Q ,) 2 -4m 2 Ql s/s 



(ss) 

2 4 7T 2 

^L mQ m s ^J(s-m 2 Q + m 2 Q ,) 2 - Am 2 Q ,s/s 

—^m Q ,m s I da{l - a) 
3(ss) 2 



2 6 7T 2 



-111, 



/ daa(l — a), 

" Oim.in. 



p(gS .. Gs)[s) = 3<9s°-Gs) mqi J*™ ± dp[am 2 Q + 0m 2 Q/ _ a(3s] 

3(gsa-Gs) [ ama * da 2 2 

¥7 A — mQ ' J ~ ^ aniQ ^ ^ mQ ' ~ a{ - ~ a ^ 

3(gs<7 ■ Gs) ( ama * da , 2 , 2 

¥^ — mq J Y^a^ aniQ + ^ ' mQ ' ^ a y 1 ^ a ' s \ 

(gsa ■ Gs) r a max 
T^T^ — ms J da[am,Q + (1 — ajrriQ, — 2a(l — a)s\ 



3(gsa ■ Gs) 



2 7 



.4 



m Q m Q' m s\J (s — ttIq + m Q') 2 ~~ 4:m,Q,s/s 



^sJT ^ m Q m l\j( S - m Q+ m Q>) 2 - H 8 / S 



(gsa ■ Gs) 2 p 
— ^4 — m Q ,m s da(l-a), 



-^^™q[ da I ^(l-a-P)(l + a + f3)[am 2 Q +f3m 2 Q ,~af3s} 

2(n 2 G 2 ) re-ma* ^ a rl—a 

- 2^ Q ' ms / ^3 / d(i{1 ~ a ~ + " + l am Q + P m Q> - a P s \ 

! n 2fi2\ ra max i rl-a 

-^ir m Q' ms ] 5/ W-"-/3)(l + a + /3) 
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^/„2q2\ rct max rl-a 

211^6 m Q m s J da \ ~ a ~ P)\ am Q + P m Q' ~ a P s ] 

(q 2 G 2 ) 3 /■«».- f^ a d(3 M 

-^j-g-mgrng/ma / ^ / d/3(l - a - /3) 

/ 2q2\ ra max rl-a 

^-l m 2 QmQ ,m s j daj^ JL(i-a-0)(l + a + 0) 



-m Q m Q ,m 2 s \ — d(3{l - a - /3) 



2 11 7T 6 

3(g 2 G 2 ) 2 , m 

~ 2 11 7r6 m Q m Q' m s J da J^ -Jpi 1 - a ~ f 3 )' 

ttmin a ^ /3r. 

1^-/ y da y^ -^(1 - a - /3)(1 + a + 0)[am% + f3m 2 Q , - a(3s] 

a daa a ¥ {i ~ a ~ m +a+p) 

3(g 3 G 3 } r am °" <*~ rl ~ a 



'"'° 3) -m 2 Q , I"*™* J t a dpp(l -a-(3)(l + a + (3) 



PCX -max .J PL — Q. 

21%6 m Q ,m s / -j / d/?/?(l-a-/3)(l + a + /3) 



~>m%n 

3<g 3 G 3 } /■ 1_a ^ n m 

-mQin s / daa / — (1 — a — pj 



2 12^6 "^"-J . —7 . /33 

(g 3 G 3 ) [ ama ° da 



2 13 7T 6 



morris / — , / d/3(l - a - (3) 

Ja min a J0 min 



(q3q3\ /-"max /-l— a 

- ^eW™< / da / 0X 1 + + 

for (Qs)i(Q's)S, 

p 0PE ( S ) = pP crt ( S ) + («) + p< 5s > 2 (*) + p^°- G °) (s) + (s) + (s), 



3 f' 1 '"" da f 1 a dp „. r 2 ^ 2 ^, 1 q 

m Q -m s — — (I - a - P)[am Q + f3m Q , - apsf 

Ja min a J min P 
ra max ^ a r -a dfi 

m Q m s I —I — (I - a - (3)[arn Q + (3m Q , - a^sf 



2 9 7T 6 

3 



2V ^o mI „ 

^-^mgrnQ-m 2 f -^f —{l-a^(3)[am 2 Q +f3m 2 QI ~a(3s\ 2 1 



Ass 



){s) 



3(ss) 

2^4 



m Q > 



da 



dp 
T 



am 2 Q 



+ Pm 2 Q , 



af3s] 
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3(ss) 
2V 



r— da f^ a d(3 2 2 2 

TO <3 / — / ~7?it am Q +l 3m Q' -a-Ps] 



0„ 

+ ^ ms J a a(l- a) [am Q + (1 ~ a)m Q' ~ a(1 ~ ^ 



3(ss) da 
— mQ m Q ,m s 

3{ss) _ _ 2 [ ama * da 
2V 
3{ss) 
2V 



f a max da 

m Q m s / ~, [ am Q + (1 — a ) m Q> ~ a (l — a ) s ] 

m Q' m l / [ aTO Q + (1 — Q; ) TO Q' — a (l — a ) s ]> 

v OlrriA n. ^ 



P <SS>2 ( S ) = "T^I m Q m Q' \/( s - m Q + m Q') 2 - 4m|,s/s 



,\2 



(££) 

2 5 7T 2 
\2 



(mQ - mQ>)m s ^J(s - TOg + m Q ,) 2 - 4mQ,s/s 



3(ss) 2 2 r— , ^ 

+ 25?r 2 m s / daa(l-a), 

3(gscr • Gs) r"" 1 ^ da . 2 , 2 
2V mQ 7 ^[am Q + (l-a)m Q , -a(l-a)sj 

+ -^-^TT~^ ms J da[2arriQ + 2(1 - a)m 2 Q , - 3a(l - a)s] 

3(gsa ■ Gs) r ; " ; 
¥V A m Q m Q' m sy ( s -m z Q + m z Q ,y - 4m z Q ,s/s 

~ ^^^-( m Q - m Q>) m l\j( s - m Q + m Q>) 2 ~ 4m Q ,s/s, 
= { ^^ m2 Q> I''" df3{l-a-(3)[aml+(3ml,-a(3s] 



'Prr 

+ 211^6 m *3 7 da 7^ ^§-(1 -a- ^)[am Q +/3m^, -a/3s] 

+ 2 ii7i-6 m Q ,ms 7 7 d/3{l - a - l3)[am 2 Q + f3m 2 QI - a/3s] 



£/g2Q2\ ra max rl-a ^ 

-mQm s / da ^(1 — a — P)[amQ + (3mQ, — a(3 



2ii 7r 6 J uu y ^"V- 1 _ " _ h>)MMQ t ping, 

/g2Q2\ ra max rl-a ^ 



l/3„ 

(g 2 G 2 ) 2 r max da f'~ a , of , 

- -zn^ m Q m Q' ms J a ~a*J df3{1 ~ a ~ ® 

< 9 2 G 2 ) 2 [ X - a dP M 
+ 2ll7r6 m Q m Q /m s y rfa y — (1 - a - /?) 
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lQ2 ) 2 f amax da f'- a ja „ 



m Q m Q ,m s \ da — (l-a-/3), 

2 77 J« m « J/3 m4 „ P 



' </G3> W = |5 P"^ d[3{l-a-P)[a m l+p m %,-ap S 
(g 3 G 3 ) /■ arao - / >1 " Q d/3 



(a G ) /" amax /-i-a 
+ -fis^/ y ^ y -^(1 - a - ^[a4 + /3m 2 ,, - a/fo] 

3( 5 3 g 3 ) r— rfa r 1 -" JOO/i 



3(g 3 G 3 } f 1 - a d/3^ 

m Q m s dual —^(1-a-p) 



-^r m Q m * a dp(i-a-p) 

(g 3 G 3 ) r<*m« x /' 1 - a rf/3 /1 

+ 2 i 37r 6 m <y m s y y ^-i 1 -"-/ 3 ), 

for (Q«)(Q'«)S, 

p 0PE (s) = -{pP ert (s) +p <5i> (a) + P ^\s) +p<» 5 '- G «>(«) +p<s 2(?2 >(s) +p^ G3 >( S )}, 



+ 2W^ mQ ' ms J ^ J ^-(1 - " - /?)(! +a + /?)[am,Q +/3mQ, - a/3s]' 



'/3„ 

3 r a max ^ a /■ -a rfrt 

m Q rn s — —{l-a-/3)[am Q +[3m Q ,-al3s\ a 



2 9 7T 6 



A 

3 2 2 /' Q!max c?a f ~ a dp o ^ 2 o 

+ 7jp^ m Q m Q> m s ^2 / -^K 1 - a - P)\ am Q + P m Q' -aps] , 



1/3 



• - = ^M TOQ , r a *^ [^fia + Wainl+Pm^-aM 



2^4 



3(ss) [ ama * da f 1 a dp 2 2 2 

toq / — / — [am Q + Pm Q , -apsj 

Ja min a J/3 min P 



2 7 7T 4 



2V ™* / a(l-a) [amQ + ( a)mQ ' ~ a( ~ a)s] 



30 



r— da [ x - a dp 2 2 

m Q m Q >m s — / — [«m Q + /3m Q , - a/3s] 

Ja min a J0 min P 



3{ss) 2 / Q — da f 1 -* Jor 2 2 

- 27^4 m Q' m s J ~a Jp d Pl am Q + P m Q' - a P s \ 

3(ss) ^ / >Q "* ox da r , ,„ , 2 /-, \ n 

+ 27^4 m Q' m s J ~t am Q + ( 1 ~ a ) m Q' _ "I 1 _ a ) s i 

P (Ss)2 (s) = ^^■m Q m Q/ ^{s-m 2 Q + m 2 Q ,) 2 - Am 2 Q ,s/s 

~ T^ m Q m *\l ( s - m Q + m Q>) 2 - 4m 2 Q ,s/s 
, {ss) 2 



\2 roi max 

3(ss) 2 2 f amax 7 „ 
-7^T m s J daa(l-a), 



iigsa ■ Gs) r a max da 
+ 2%4 mQ ' y ~ t am Q + " ~ a ' m Q' ~ a{ - 1 ~ a > s \ 

/CX-max 
— + (1 - a ) m Q> - a ( l - a ) S \ 

--min 

m s / da[arriQ + (1 — a)mQ, — 2a(l — a)s] 

O Q!m in 



3{gsa ■ Gs) r a max ^ a 
(gsa ■ Gs) 

2 7 7T 4 

3(gsa ■ Gs) 



6{gsa ■ Gs) r. ; ^~~z ; ; . 

+ 2V m Q m Q ,m s ^{s - m z Q + m 2 QI ) 2 - 4m 2 Q ,s/s 

(gsa-Gs) 2 f amax , „ 

+ ' 287r 4 — m Q' m s I da(l-a), 



2> W = -%^ m Q' ^ J * df3(l-a-[3)(l + a + P){am 2 Q +{3m 2 Q , - a(3s] 
-^J-™q[ da I ^{l-a-f3)(l + a + (3)[am 2 Q +(3m 2 Q , - af3s] 

^ / 2^2\ rot max pi — a 

+ 212^6 m 9' m « / ^3 / W - a - 0X 1 + a + 0)[<w»q + /^ m Q' - a/?*] 

/ n 2fi2\ f-a max i pl-a 

+ %^ m Q' ms j a*J W - a- + <* + &) 
3(g 2 G 2 ) rama * rl - a 



m,Qm s da -^{l - a - (3)[am Q + (im Q , - a(3s] 

(g 2 G 2 ) 3 p-- f^dp,^ 

(g 2 G 2 ) 2 r™ ax ^ Z^" 
-^-^mgrn^m, y _ y - a - 0) 
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+ ^^ m Q m Q' m s J da J J£(l - a - /3)(1 + a + (3) 
+ gii^e m Q m Q' m s J ~2 d (3(l -a- 13) 

+ 211^6 m Q m Q' m s / da / T^U-"-/ 3 ); 



(3 3 G 3 ) 



(•"max Pl — a JQ 

I da ~ & - + a + P)[am 2 Q + f3m 2 Q , - aps 

Ja min JB min P 



oi2Z^ m Q ms daa ^si 1 -"-/ 3 ) 

r-l-a 



u t*min ^ Prntrt 

+ -%ii^r m Q' m s J da \ (i ji^ l - a - + a + ®> 

for (Qs) 1 (Q's), 

p 0PE ( S ) = -{pP ert (a) + p< 5s > (s) + p< 5s > 2 (a) + p<9-' Gs > («) + p<9 2G2 > ( s ) + p <s 3 G 3 > («)}, 



= "2^6 r aX ^ -«-/?)(! + « + [am 2 , +/3m 2 ,, - a/3 S ] 4 

3 da f 1 -" dP„ ... 2 . 2 _ l3 

+ 7jp^ m Q m sJ ~a* J -a-/3)[am Q + l3m Q , - af3sf 

'[ %\ ^(l-a-[3)[am 2 Q +f3m 2 Q ,-af3s} 2 , 



3 2 2 da { x ~ a dp 

^rn Q m Q ,m 

■ ' ■ " Hrnzn 



w . 3(ss) /■"-" da r~ Q d/3, 

( s ) = ~2W mQ ' J a 2 " / "^-( a + P)i Ll " t Q -r^'"Q 

3(ss) /""ma* ^ a /" _Q d/3 r 2 ^ 2 o 



am Q + prriQi — afis] 

l-a 



i-l-a 



2 7 7T 4 * ,/, ' i J . 
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3(ss) r a max ^ a 
_ . m 

2 7 7T 4 



2 5 7T 4 



/ -7T — -rK + (l-a)4 -a(l-a)s] 2 
mQm Q >m s / — / — [arrig + pm Q , - a/3s\ 

Ja min a J p mzn P 

3 ( 5s ) 2 /* Qmax da . 2 . , 2 . . 

+ ^fl m Q m s / ^[am Q + (1 - a)m Q , - a(l - a)sj 

3(ss) 2 da f 1 ' 01 , , 2 2 

+ l^ m Q ,m sJ ~ J p df3[am Q + f3m QI - af3s\ 

3(ss) 2 r 7 "^ rfa r 2 /-, n 2 

- 27^4 ™Q' m s / ~I am Q + I 1 - a ) TO Q' - "I 1 - a ) s L 

(as) 



^ <5S>2 ( S ) = ~^I^2 m Q m Q' \A S ~ m Q + m Q>) 2 - 4m^,s/s 
+ ^2 m O m n/ ( s ~ m Q + TO Q') 2 ~ 4m 2 Q ,s/s 



{ - ss) 2 ,a ma . 

-^-^m Q ,m s J da(l - a) 

3(ss) 2 2 f amax , , 
■^" m s / daa(l - a), 



P^ Gs Hs) = 3{9 l^ S) m Q , jP"" ^ f'" d(3[am* Q + frfr - «fo] 

3(gser- Gs) /■ a ™«- da r 2 , ^ 2 
2%4 TO Q' y — t am Q + i 1 _ a ) m Q' _ _ a > s \ 

3(gsa ■ Gs) r a max ^ a 
+ ^4 m Q J — H + (l- a K'- a (l- a ) s ] 

(gsa ■ Gs) r a max 
^ 7 4 — m s J da[otm,Q + (1 — a)mQ, — 2a(l — a)s\ 

3(gsa ■ Gs) r ; z—z - ; 

¥V A m Q m Q' m s Y ( s ~ ™q + rag') 2 - 4m^,s/s 

+ ^ 8 tf^ m Q m l\l - m Q+ m Qi) 2 - H 8 /" 

(g^ • gg) 2 

2V — m Q' m * da(l-a), 

P^'H*) = ~^F™Q' P^J T a d/3(l-«-/3)(l + a + /3)[am Q +/3m Q ,-a/3 S ] 
~ l^? m Q da f a % [l - a - m + a + ® [am Q + Pm Q' ~ a(3s] 

£/„2q2\ ra m ax ^ 

- 2 i 27r 6 m 9' m « y ^ y W - a - /3)(1 + a + /3)[am Q + /3m Q , - a/fo] 

( n 2fi2\ ra ma x J n pl-a 

~ ^!r m Q' m ° / ^ / W - a - + a + ^) 

£/g2Q2\ ra mam pl-a ^ 

+ 211^6 m 9 m ^ y da y C 1 - a _ /3)[ am Q + P m Q' - 0i/3s] 



(9 2 G 2 ),^ f amax ,,,, (^dP, 
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(g 2 G 2 ) ra ™* >*» ? x - a 

2 11 



- 2 ) 2 I'*™* da f'- a jaM 
—m Q m Q ,m s / — / d/3{l - a - (3) 

^ J a m i n ^ J {3 m i n 

J daj^ ££(i_ a -/?)(! + a + /J) 



jg 2 G 2 ) 2 r mo *, /" ^ 



+ -T^r~6~ m Q m Q ,m s / 72 / dpi 1 - a - p) 



3(.g 2 G 2 ) 2 r max , /" 1_a ^„ 

+ gii^e m Q m Q>™s j da J JI\ l - a -P)^ 



P {g3G3) (s) = Jj?^£ maX ^£ \p(l-a-m + * + P)[arn 2 Q +pm 2 Q ,-aPs] 

- { 4Sr m Q' f % f a dmi - a - M 1 + a + ^ 

- da jf ° - a - /J)(l + a + (3)[am 2 Q + [3m 2 Q , - a(3s] 

- ( 4Sr m Q PS"' daa f a ^Q--«-m + « + P) 



3(g 3 G 3 ) 



'A 

fl-a 



ft6 ™«"nJ ^3/ df3(3(l-a-(3)(l + a + f3) 

1-a 



+ 012^6 m Q m s \ daa 03 1 1 -"-/ 3 ) 



(.9 3 G 3 ) 

2 14 7T 6 



/3„ 



-mQ>m s I da J — j (1 - a - /3)(1 + a + (3), 
for (Qs)*(Q's)5, and 

p 0PE ( S ) = pP ert Gs) + p< s ~ s >(s) + P {ss)2 (s) + p<^ Gs \s) + P {rj2G2) (s) + p<^>{s), 



ppcrt(s) = *h £1 5 11 w {1 ~ a ~ naml + Pmh ' - aps]4 

3 da [ l ~ a df3 M a .. 2 a 2 

+ ^6 TO Q' m - _/ T^y ^2 ( X - a - /^[^Q + 0"*Q' - a m 



3 j" a max ^q, ^ Q mr 2 a 2 „ ,3 



^-^TO Q m s / — / — (l-a-/3)[am Q +/3m g , - a/3s 



3 



m Q m Q ,m s / — / -^-(1 - a - fi)[am Q + /3m Q , - a(3s] , 



~ ^4 m Q / — / -ff2^ m Q + P m Q' ~ a ^ 

" Q m 1.17 " fJ m j n ' 



3(ss) r a max ^ a 

2 5 7T 4 



3(ss) 

2%4 



/ -7T — Mam 2 Q + (1 - a)m 2 Q , - a(l - a)s} 2 

[<*»» da f 1 ""^ 2^,2 fl ! 
mQm Q >m s / — / — [arrig + pm Q , - a/5sj 



3(ss) 2 /' 0!maa = rfa 2 2 
- 26^4 TO Q m s y \- am Q + i 1 ~ a ) m Q' - "(1 - ") S J 

3(SS) 2 / >OWx rfa r 2 /-, x 2 XT 



P {Ss) \s) = -^^m Q m Q ,^(s -m 2 Q + m 2 Ql f - 4m 2 Q ,s/s 
(ss) 2 



s) j 

— (mg - m Q ,)m s ^(s - m 2 Q + m Q ,) 2 - 4m Q ,s/s 



2 4 
3(ss) 2 
2% 2 ' 



,2 



daa(l — a), 



3(gscr • Gs) /-"ma* da 

— 2V — mg y Y — ^^ mQ + ^ " a ( 1 " a ) s ] 

+ ^ gSa 5 "f^ TO, rfa[2am Q + 2(1 - a)m 2 Q , - 3a(l - a)*] 

3(gsa ■ Gs) r ; ;r~~~ ; ; 

—mQmQ>m a J{s — mQ+mQ,y—4mQ,s/s 



2 5 7T 4 

(gscr • Gs) 
2V 



(mq - ^^^-m^ + m^F-H^ 



+ 29^6 TO Q / da / -^(l -a-j9)[am Q +/3m g , -a/3s] 



+ |f 10 J m Q >m s / — / d/?(l -a- l3)[am 2 Q + f3m 2 Q , - a(3s] 

^/g2Q2\ ramax rl-a ^ 

- -^w^T m Q ms J da J ~/33 <yl ~ a ~ P)[ am Q + ^ m Q' ~ a/3s l 

(g 2 G 2 > 3 r— J [^"dfi,, 

-mQm s / aaa / — (1 — a — p) 



( g 2 G 2 ) 2 r— da r 1 -" 

-^- mQ m Q ,m s — J d(3(l -a- (3) 



I fin 

^-^m Q m Q ,m 2 / - / - a - /J) 



<5 2 G 2 } 



3(g 2 G 2 )^ _ _ 2 r ma %„ /' 1 " Qd / 3 

2 9 7T 6 



2 r™ a % f a \ 
-m Q m Q ,m s da — (I -a- (3) 

Ja m i n J fimin " 
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(5 3 G 3 } ,a raM 


da 




a 3 


> 3 G 3 } 2 


r a 


+ 2 io^6 m Q' 





da 


r 


. a 3 




da f 


a d/3 










daa 


r 

•//3m, 


/■"max 


da 




a 3 „ 



(g 3 G 3 ) f a " 

2ll7] , 6 / da/ ^(l-a-/3)[amg+/3mig/-a!/3s] 

"W" Q L in -L„ ^ ( " 

3(ff 3 G 3 ) , f'^dB 

2 n^6 m Q m s J a daaj^ —(l- a -0) 

(g 3 G 3 ) r— da f 1 -" jaM 

(s 3 g 3 ) r— J r 1 -^ 



, 2l27:6 m Q ,m s J daj^ _(1 

for (Qs)*(Q's)i- The integration limits are given by a m i n — [s — mq + trig, — 
yj (s - m 2 Q + m Q ,) 2 - Am 2 Ql s]/{2s), a max = [s - m 2 Q + m 2 Q , + J \s - m 2 Q + m 2 Q ,) 2 - 4m 2 Ql s]/(2s), and 
Pmin = am 2 Q /{sa - m 2 QI ). 
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